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Abstract 
The freight transportation is defined as the process of carrying goods and persons from one given point to another. Recently, 
urban freight transportations have been used as an alternative for the delivery problems of goods in urban environments. The 
present work is developed in the framework of the Furbot project (FP7), which presents a solution for future urban freight 
transports with new light-duty architecture, based on full-electrical vehicles. This paper is focused on the onboard intelligent 
units, dedicated to improve the perception and control systems for the parking/docking process. The results presented in this 
work will show the good behavior of our approach, which will be implemented in the FURBOT vehicle (www.furbot.com). 
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1. Introduction 
The freight transportation is defined as the process of carrying goods and persons from one given point to 
another. Recently, urban freight transportations have been used as an alternative for the delivery problems of goods 
in urban environments. Nowadays, the aim of the Intelligent Transportation Systems (ITS) is to create new mobility 
solutions for our society. 
 
The main contribution of this work is to implement the docking algorithm, based on the load box for freight 
vehicles. This process is divided in 4 steps:  
x Identification of the box using perception assistance  
x Localization of the vehicle with respect to the freight box,  
x Planning of the trajectory to approach to the box  
x Finally a routine to load the box is performed (it will contemplate at the end of the project).  
Some research groups around the world have been working on movement planners, security maneuvers and 
collision avoidance systems, where emergency actions are taken in order to avoid obstacles or stabilize the vehicle if 
the control has been lost Petti et al (2005). Some other efforts have been made on detection, tracking and 
classification of objects in external environments Premebida et al. (2006). 
Main contributions of this work are focused in the perception and path planning stage. The perception is in 
charge of collecting data from the surroundings of the vehicle, filtering and processing it to classify objects and 
localize the vehicle in the environment. 
The path planning stage is in charge of the generation of a smooth and feasible trajectory for the vehicle. The 
curvature is analyzed in real-time, and taking into consideration the characteristics of the vehicle (e.g.: maximum 
steering angle). Polynomial curves were utilized to generate the trajectory. 
Vehicle should be well-oriented in lateral and longitudinal perspectives in order to obtain a centimeter accuracy 
that assures a well-functioning loading phase of the box. Successive trajectory generation in the forward and the 
backward direction of the vehicle is also implemented if necessary to reduce the heading error. 
The present work is developed in the framework of the Furbot project (FP7). It comes as a solution for future 
urban freight transportation Systems, based on full-electrical vehicle. This work describes the on-board intelligent 
units, dedicated to improve the perception system. Moreover, the planning and control stage for the docking process, 
considering loading and unloading phases of the freight transport is also considered. 
2. Control architecture 
The control architecture is presented, based on the previous works in automated driving in our team in Gonzalez 
et al (2013) and Perez et al. (2014). But some differences to adapt it to the context of the present project were 
considered. The constraints related to a network of roads with intersections, roundabouts are not taken into account. 
In addition in the previous architecture, SLAM (Simultaneous localization and mapping) information previously 
acquired for a given scenario was used to localize the vehicle. In this proposal, no previous information about the 
surroundings of the vehicle will be available; instead it will be acquired by the perception stage and then processed 
in a real time execution. 
Fig. 1 shows the control architecture which is composed of 5 main modules listed as follows: acquisition, 
perception, decision, control and actuation. The mentioned parts will be described highlighting the principal 
contributions by stage. Perception, decision and control have special attention in this work (gray blocks). 
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Fig. 1. Control architecture for vehicles. 
2.1. Acquisition 
It is the first step of the control schema and it is in charge of obtaining all the available information from the 
surroundings of the vehicle. All this data is used to take decisions related with the navigation of the vehicle. It is 
formed by all the installed sensors in the vehicle and the CAN bus, which is the network in charge of transmitting all 
the odometry information from the sensors to the on-board computer. 
LiDARs are used to sweep all the area in front of the sensor. These sensors are composed by numerous lasers 
beams triggered with a given angular resolution. They can scan over several planes giving a 3D mapping of the 
space. The vehicle has two LiDARs installed on the upper part in the front and the rear part, utilized mainly for 
SLAM applications, two other on the lower part used for detecting obstacles and a last one on the right lower part in 
order to detect the box when performing the parking maneuver. In this project the sensors located in the lower part 
of the vehicle have special interest since the freight box will be located in the floor. Nonetheless just two sensors in 
the lower part of the vehicle were used, the frontal and the lateral one in the right.  
2.2. Perception 
Perception stage processes the data coming from all the sensors placed on the vehicle. It obtains and transfers the 
necessary information to the others systems installed on the vehicle, in order to take planning and control decisions. 
The detection approach used is fully described on Nashashibi et al. (2008). 
For this technique, LiDAR sensors, which stand for light detection and ranging, work doing an angular sweep 
over the space of interest; the obtained data from the sensors is a set of impact points that are processed in a five-
-step process in order to select and track the object of interest.  
In the fig. 2 an example scenario over the simulation platform ProSivic (right), is shown with the set of impacts 
points for this configuration (left): 
 
 
Fig. 2. Lidar information and the simulation environment. 
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The algorithm used is described as follows: 
 
x Data processing: the impact points on the LiDAR are expressed on polar coordinates, thus they are going to be 
converted into 2D Cartesian coordinates (x,y), and referenced to the middle point of the rear axle of the vehicle. 
The points are sorted in the same order that they were swept on the space.  
 
x Segmentation: a recursive algorithm is used to perform a line fitting method over the points and build up lines 
that represent the sides of the objects assuming that all of them can be modeled with polygonal shapes Mendes et 
al (2004).  
 
x Clustering: objects are not formed necessarily by single lines; instead objects will appear in some cases 
represented by more than one line, especially if their shape is curved. In the clustering step, the occluded part of 
the objects is completed by the shortest path between the ends of the items. 
 
x Classification: an analysis of the dimensions, orientation and shape is performed in order to assign them a given 
type of object (pedestrian, bike, car, truck, trees, etc) Nashashibi et al. (2008). 
 
x Tracking: It is related to track the position of the object with respect to the vehicle, orientation and velocity 
profile used.  
 
The algorithm tried to separate the scanned surrounding space into different objects that are classified into 
different categories. In our case the dimensions of the freight box of interest are around 80 cm × 120 cm. However, 
if it is not straightly oriented, the width or height of the box dimensions can increase up to a maximum distance of 
144.22 cm which is the length of the diagonal of the box. Therefore, the algorithm tracks the closest object to the 
vehicle with a minimum wide and height of 80 cm and 120 cm respectively and a maximum of 144.22 cm for both 
dimensions; in addition the object must be squared with corners on 90°. In the fig 3, the problem of the box 
orientation is presented. 
 
 
Fig. 3. Problematic of the box dimensions and orientation. 
The outputs of the perception are the orient angle, the distance to the box, the Cartesian position of the vehicle 
related to box. 
1520   Leopoldo Gonzalez Clarembaux et al. /  Transportation Research Procedia  14 ( 2016 )  1516 – 1522 
2.3. Decision 
The decision section is focused in the planning of the path to be followed by the vehicle. The algorithm was 
designed to compute the optimum path (the lowest values of curvature) from an initial position up to the arriving 
place in the desired parking spot.  
Depending on the initial position of the box and the vehicle, it could be possible to do the maneuver in just one 
movement. If one movement is insufficient, then a backward planning maneuver is implemented to adjust the initial 
vehicle position. For the trajectory generation, a Bézier curves approach is presented. The advantages of Bézier 
curves are explained in previous works, as Lattarulo et al. (2013) and Pérez et al. (2013). The simplicity on their use 
and the low computational needs are some of its advantages. 
In the framework of this work, all the Bézier curves generated have 4 control points. The first control point is 
located on the longitudinal axis of the vehicle behind its frontal part, and the last control point is in the end point. 
The initial vector and the last vector of the curve can be controlled modifying the control points. Hence, if we 
produce, for instance, a curve with high curvature values, the second and third points over two lines are moved, as in 
fig. 4. 
The point P0 and P1 are set in the frontal and the back part of the vehicle respectively, due to the Bézier curve are 
generated in the opposite direction since the vehicle is going to move in reverse sense. The location of P2 and P3 are 
fixed arbitrarily, where the X component of P2 is the same that the X component of P1 and it is separated 2 meters 
to the from the Y component of P1. P3 has the same X component than P2 and P1 and is separated 4 meters from 
the y component of P2. 
The illustration of the backward path calculation is showed on the Figure 4. 
 
Fig. 4. Forward planning (left) and Back planning (right). 
2.4. Control  
The control stage has direct communication with the decision part. The schema used to send the trajectory from 
the decision stage to the control part is the same one implemented in Gonzalez (2013). The idea is to send the list of 
points of the trajectory to be followed by the vehicle over a buffer that can be dynamically changed if the intended 
path must be changed.  
The lateral control of the vehicle is done using the lateral error, the angular error and the curvature value of the 
trajectory. Both errors are used because they define the quality of the navigation process with respect to the expected 
behavior of the vehicle. 
3. Validation tests 
The results are exposed and analyzed in this section. The simulation process to test the system behavior is 
presented. In order to estimate the accuracy from the perception, simulations where one box was placed in front of 
the vehicle are presented. In this experiment, two lasers to detect the box are used. Later on, the algorithm planned 
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a trajectory to be performed by the vehicle. Bézier curves were used to generate the trajectory in order to be able to 
obtain the best curve in each scenario. 
 
 
Fig. 5. Planned trajectory. 
Fig. 5 shows the vehicle in front of the box. Moreover, the red path computed by the algorithm shows where the 
vehicle stopped [position 2,2]. When the vehicle is close to the box and the frontal laser loses visibility with respect 
to the box. A digital filter based on classical finite impulse response and numerical differentiation was used to 
reduce high peaks over the trajectory provided by the perception system, as in Perez et al. (2013). Fig. 6 shows the 
position of the vehicle (green). 
 
 
Fig. 6. Filtered position of the vehicle as it describes the planned trajectory. 
Fig. 7 shows the longitudinal and lateral errors of the trajectory described by the vehicle for both forward and 
backward phases. The longitudinal and lateral errors tend to zero at the end of all the process. 
 
 
Fig. 7. Longitudinal distance of the vehicle (left)| Lateral error of vehicle position (right). 
4. Conclusions 
In this paper, a control architecture for urban freight vehicles is presented. It is composed of 5 different parts 
(acquisition, perception, decision, control and actuation). The scope of this work is focused in the perception, 
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decision and control stages. Perception efforts were invested in the identification of a box, and providing the angle 
orientation and the position.  
The planning algorithm based on Bézier generation computes a path considering the maximum curvature feasible 
by the vehicle. In the framework of this work, the forward and backward controls of the vehicle were considered. 
This paper represents an important solution in terms of docking maneuvers, since accuracy was achieved using 
two range detectors, without any other information. The recursion of the docking maneuver assures a final position 
of the vehicle with the desired angular, heading and longitudinal errors. 
This work is in the framework of the European FURBOT project, but since it is a modular design, it can be used 
in other kind of platforms. Future works may be related to path planning improvements. Analysis of the available 
space should be considered and obstacle avoidance could be implemented on the path planning. Perception 
improvements should increase the human to machine interaction by visual aids to the driver. 
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